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(54) Method of compensating for output variations in a printing iiead 



(57) Compensation data for use in driving an array 
of printing elements in a printing head are otjtained t^ 
measuring the uncx^mpensated output value of each 
printing element, calculating a target value for each 
printing element, and determining a compensation 
value from the difference between the measured output 
value and the target value. The target values vary con- 



tinuously across the array. TTie compensation data are 
sitored in a non-volatile memory in the printing head. 
During printing, each printing element Is driven with an 
energy corresponding to the compensation data, so that 
the output profile of the array follows the profile of target 
values. 
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DescrlptiGn 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of com- s 
pensating for uneven output in a printing head ennploy- 
ing an arra/ of printing elements, and to a printing head 
in which this method is employed. 

One type of printing head having an array of print- 
ing elements is the LED printing head used in some 
electrophotographic printers. The printing elements are 
light-emitting diodes (LEDs) t^^t illuminate a photosen- 
sitive drum to create an electrostatic tetent image, which 
is developed by application of toner particles, trans- 
ferred to a printing medium, and fused onto the printing is 
medium. A LED printing head has the advantage of pro- 
viding high throughput, because the drum can be Illumi- 
nated by all light-emitting diodes (LEDs) in the anay 
simultaneously, forming an entire line of latent image 
dots at onca 20 

An attendant cfisadvantage, however. Is that the 
optical output of the array is in general not uniform. 
Without compensation, different I^Ds would produce 
different amounts of light, leacfing to printing irregulari- 
ties. The usual solution to this problem is to measure 2S 
the optical output of each LED when the array is manu- 
factured, and compensate tor the differences by varying 
the driving energy supplied to each l_ED during printing 
operations. 

One conventional LED printing head, for exartiple, so 
has a control unit storing four bits of compensation data 
for each LED. \Nhen driven, each LED receives an 
amount of drivmg energy determined by the compensa- 
tion cteta. This arrangement enables the optical output 
of ^ch LED to be adjusted in sixteen steps. 3S 

A problem Is that some I^Ds may require more 
compensation than four l>it5 of compensation data can 
provide. This problem could be solved by adding more 
bits of compensation data, txjt that would require expen- 
sive alterations to the LED driving electronics in the 40 
printing head. In practice a l-ED array having a LED that 
is outside the four-bit compensation range is discarded. 
This practice lowers the yield of the LED array manufac- 
turing process, consequently Increasing the UED array 
cost and the cost otf the printer. 45 

A mere detailed description of this problem will be 
given below. Similar problems can occur in thermal 
printing heads and ink-jet printing heads, in which the 
printing elements are heating elements or piezoelectric 
elements. so 

SUMMARY OF THE INVENTION 

An ot}ject of the present invention is to compensate 
for nonuniform output in a printing head having an anay 55 
of printing elements, using a limited number of fctits of 
compensation data, without impairing manufacturing 
yields. 



A further object is to improve the appearance of 
pages printed with a prirrting head having an array of 
printing elements. 

The invented compensation method comprises the 
steps of: 

measuring the output of each printing element in 
the anay; 

from the measured results, calculating a target 
value for each printing element, the target values 
varying gradually across the array; 
determining comper^tion data for each printing 
element according to the difference between the 
output of the printing element and the target value 
of the printing element; 

storing the compensation data In the printing head; 
and 

driving each printing element with an energy corre- 
sponding to the compensation data. 

Target value can be calculated by, for example, lin- 
ear interpolation or moving averages. 

The invented printing head has an array of printing 
elements and a norvA/olatfle memory storing compensa- 
tion data used in driving the printing elements. The 
compensation data cause the outputs of the printing 
elements to vary across the array, output variations 
between adjacent printing elements not exceeding a 
certain limit, but this limit does not apply to variations 
between printing elements that are not adjacent. 

Given a limited number of bits of compensation 
data, allowing the target values to vary increases man- 
ufacturing yields, by increasing the probability that the 
output of every printing element in the an^y can be suc- 
cessfully adjusted to the target value. 

For a given manufacturing yield, the invented 
method allows the size of the compensation steps to be 
reduced, ther^ reducing output variations between 
adjacent printing elements and improving the printed 
appearance. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the attached drawings: 

FIG. 1 Is a block diagram of a LED printing head 

and conventional test system; 

FIG. 2 illustrates the data flow in the LED during 

printing: 

FIG. 3 shows an exarrple of the optical output pro- 
file of a l-ED printing head when driven without 
compensation: 

FIG. 4 shows the optical output profile of the same 
LED printing head when driven with conventional 
oompensaton; 

FIG. 5 is a block diagram of a l-ED printing head 
and a test system employing the invented compen- 
sation method; 
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FIG. 6 shows the same example as FIG. 3. with 
adcfitional notation related to a first embodiinent of 
the invention; 

FIG. 7 shows the optical output profile of the LED 
printing head in FIG. 6 when driven with compensa- 
tion according to the first emtxxliment; 
FIG. 8 shows another example of the uncompen- 
sated optical output profile of a LED printing head; 
FIG. 9 shows the optical output profile of the LED 
printing head in FIQ. 8 when driven with compensa- 
tion according to the first embodiment; 
FIG. 10 shows another example of the uncompen- 
sated optical output profile of a LED printing head, 
illustrating a variation of the first embodiment; 
FIG. 1 1 shews the optical output profile of the LED 
printing head in FIG. 10 when driven with compen- 
sation aocording to the above variation of the first 
embodiment; 

FIG. 12 illustrates the calculation of a moving aver- 
age in a second embodiment of the Invention; and 
FIG. 13 shows the optical output profile of a LED 
printing head driven with oompensaton according 
to the second embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the invention wilt be described with 
reference to the attached Illustrative drawings, following 
a more detailed description of the conventional com- 
pensation method, In relation to a LED printing head. 

FIG. 1 shows a LED printing head 1 1 comprising a 
LED controller 12 with a non-volatile memory 13, a 1-ED 
driver 14, and a LED array 15. The LED array 15 is a lin- 
ear array of LEDs (not visible]. The LED array 15 com- 
prises a plurality of LED array ch|3s nnounted end-to- 
end, each chip having a plurality of LEDs. 

When manufactured, the LED printing head 11 is 
tested a test system comprising an optical sensor 1 6 
and a test controller 17. The optical sensor 16 meas- 
ures the optical output of each LED. The test controller 
17 calculates corresponding compensation (tefta, and 
writes the compensation data in the non-volatile mem- 
ory 13 in the l-ED controller 12. 

The test procedure is to drive each LED In turn, 
store the resulting values measured by the optical sen- 
sor 16. calculate the average or mean value of these 
measured values, and calculate the deviation of each 
measured value from the mean vaiua The compensa- 
tion data have a fixed relationship to the deviations. For 
example, the compensation data can be obtained by 
multiplying each deviation by a fixed constant, and 
rounding the result off the nearest four-bit value. The 
compensation data written in the non-volatil© memory 
1 3 comprise four bits per l-ED. 

Referring to FIG. 2, during printing, the LED con- 
troller 1 2 receives print data, processes the print data as 
necessary to obtain dot data for one line of dots, reads 
the compensation stored in the non-volatile memory 13. 



and supplies ta\h the dot data and the compensation 
data to the LED driver 14. The LED driver 14 drives the 
LED array 15 according to the dot data and compensa- 
tion data, thereby forming one latent dot tine on a photo- 

5 sensitive drum (not visible). 

The dot data determine which LEDs are driven. The 
compensation data determine the energy supplied to 
each driven LED, The energy can be controlled in vari- 
ous waysL For example, the LED driver 14 can be con- 

10 figured to vary the amount of driving cun^ent supplied to 
each LED according to the compensation data, or to 
vary the driving time according to the compensation 
data. 

The tolerance for variations in optical output 

15 between adjacent LEDs is substantially two percent. 
The LED driver 14 is accordingly configured so that the 
least significant bit of compensation data produces a 
two-percent acQustment in the optical output The total 
ad|ustal3le range of the optical output is sixteen times 

20 two percent (2** x 2%), or tiilrty-two percent (32%). 

FIG. 3 is a graph showing an example of the 
uncompensated optical output profile of a LED printing 
head having H light-emitting diodes (N is a positive Inte- 
ger, typically greater than one tiiousand). The light-enrdt- 

25 ting diodes are denoted D^ to D^ on the horizontal axis. 
The vertical axis indicates optical power in arbitrary 
units, Pk being the average optical power when all LEDs 
are driven. The adjustable range of 32% is centered 
around P^. Ttie optical output power of the a-th l-ED 

30 Pa) is disposed above the adjustable range. 

FIG. 4 Is a GimQar graph showing the compensated 
optical output profile of the same printing head. The hor- 
izontal axis again IrxJicates LEDs D-j to Df^j. The vertical 
axis indicates the optical energy output by each LED 

35 vAxen driven according to the compensation data. In 
arbitrary units, with P^ corresponding to P^ in FIG. 3. 
Due to the conrpensation, most of the LEDs output sub- 
stantially the same arrKHint of optical energy P|^. The a- 
th LED (Dg), however, outputs a discernibly greater 

40 amount of optical energy, despite use of the maximum 
compensation value. The abrupt variation at Dg would 
lead to visible printing defects, so the LED array 1 5 must 
be decarded. 

Next, a first embodiment of the invention will be 

45 described in detail. 

Referring to FIG. 5. tiie LED printing head 11 
employed in this embodiment is Identical to the t-ED 
printing head in FIQ. 1 . comprising a LED controller 12 
with non-volatile memory 13. a LED driver 14, and a 

so LED array 15. The optical sensor 16 in the test system 
is also the same as in FIG. 1 . 

The test controller 27 comprises a target value cal- 
culator 28 and memory 29. The memory 29 stares opti- 
cal power values measured by tfie optical sensor 16. 

55 From these values, the target value calculator 28 calcu- 
lates a target value for each LED. The test controller 27 
then determines four-bit compensation data according 
to the difference between the optical output of each LED 
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and the target value of the LED. and writes the compen- 
sation data in the non-volatile memory 13 in the LED 
controller 12. 

The calculation of compensation data In the first 
embodiment will be descrbed next with reference to 
FIGs. 6 and 7. The horizontal and vertical axes in these 
figures have the same meanings as in FIGs. 3 and 4, 
respectively. 

FIG. 6 shows an uncompensated optical output 
profile of a LED printing head 1 1 as measured by the 
optical sensor 16 during the manufacturing process. 
FIG. 6 is identical to FIG. 3, with the addition of the fol- 
lowing explanatory symbols: Pa, and Pn denote the 
measured output values of the three LEDs D^ . D^, and 
D^; Pt denotes a reference value; the letter d denotes 
the maximum amount by which the output can be 
adjusted using the four-bit compensation data, in rela- 
tion to the reference value P^ d being equal to sixteen 
percent, or half the width of the adjustable range (32%); 
and the Greek letter 5 denotes the amount by which P^ 
exceeds the adjustable range. 

The test controller 27 t>egins by calculating the ref- 
erence value Pf. In this embodiment, the reference 
value Pt Is the mean value of the measured output 
power values of the LEDs, equal to in the corrven- 
tional art. 

Next, the test controOer 27 decides whether tfle out- 
puts of all the LEDs f^li Into the adjustable range from P, 
- d to Pi + d. If the outputs of all the LEDs are within this 
range, the test controller 27 stores the same compensa- 
tion data as In the conventional art. In the present case, 
however, P^ is outside the adjustable range. 

Accordingly, in the next step, the output values Pi^i. 
Pam. and Pwm predicted to result from the best possible 
compensation for P^, P^, and Pn are calculated and 
stored in the memory 29. In the present casOi these val- 
ues are calculated as follows. 

= {P, + d + 6)-d 
= P, + 5 

P Nm " P t 

Using these values, the target value calculator 28 
calculates a target value Q(n) for each LED D,, (1 ^ n ^ 
N) by linear interpolation among the values P^m* Pam» 
and P|sim- Across the interval from D^ to D^,, the target 
value Q(n) increases linearly from P-i^ to Pam- Across 
the interval from Da to D|sj, the target value Q(n} 
decreases linearly from Pa^ to P^m- Since P^^ and 
Pnfr are both equal to Pt. and 1/a is negligibly small, the 
value of Q(n] is sitsstantiaily given by the following 
equations. 



Q(n) = (P,^-P,)^+P, (n^a) 
Q(n) = (Pam-Pt)K + Pt (n^a) 



To obtain the compensation data, the test controiler 
27 takes the difference between the optica! output Pp 

10 and target value Q(n), and uses this difference to calcu- 
late a compensation value that will adjust Pn substan- 
tially to Q(n). For example, the test controller 27 can 
multiply the difference Pp - Q(n) by a fixed constant and 
round the result off to four bits. 

T5 If the target values are all attainable, the compen- 
sated optical output profile of the LED array 15 will have 
the shape shown in FiQ. 7, the letters P and Q now 
being used to indicate optical energy. The output o|:4ical 
energy increases gradually along line LI from P-irp 

20 (equal to PJ at LED D., to P^m at LED D^. then 
decreases gradually along line L2 from P^m fo P|gm 
(equal to Pt) aft LED Dig. The total range of variation, 
from P| to Pam* is the same as in the conventional art 
(FIG. 4). but the variation Is now gradual, and not readily 

25 perceptible in printed output. 

A LED printing head 1 1 with an output profile simi- 
lar to PIG. 7 can therefore be used In an electrophoto- 
graphic printer; there Is no need to discard the LED 
array 15. TTie invented compensation method thus 

30 raises the yield of the LED array manutacturing process, 
and lowers the cost of nnanufacturing the printer. 

Next, a further example will be shown, with refer- 
ence to FIGs. 8 arKi 9. The horizontal and vertical axes 
in these figures again have the same meanings as in 

35 FIGs. 3 and 4, respectively. 

In this further example, as shown in FIG. 8, three 
LEDs, D^^ and D^ and D^, have optical output values 
lying outside the adjustable range. As in the preceding 
example, the adjustable range extends by d alsove arxl 

40 below the mean LED output value Pt. the total adjusta- 
ble range being 32%. P^ and Pd are disposed above the 
adjustable range, while Pc is disposed bebw the adjust- 
able range. The best compensated values Pbni' Pcm> 
and Pdm sire respectively equal to P^ - d, P^. -k d, and P^ 

4S - d. These values are stored in the memory 29, together 
with P^m and PNm, which are both equal to the mean 
value Pt- 

In this example, the target value calculator 28 cal- 
culates target values Q(n) that vary piecewise linearly, 

so varying linearly from Pj at D^ to Pbm at D^, then to P^.^^ 
at D(., then to P^m at D^, then back to Pt at D^j. All of 
these target values are attainable in the present exam- 
ple, so the compen^ed optical output profile has the 
shape shown in FIG. 9. comprising linearly increasing 

55 and decreasing segments L3, L4, L5, and L6. Once 
again the variations are gradual and are not readily 
noticed in printed output, so the LED array 15 need not 
be discarded. 
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In the preceding examples, the reference value 
was the mean value of the measured output power val- 
ues of the LED&, but the first embodiment is not 
restricted to this method of calculating Pf Asa variatton, 

can be set equal to the midpoint between the mint- 5 
mum and maximum measured output power values, as 
illustrated in FIG. 10. 

The profile in FIG. 10 has the same shape as in 
FIG. 6. MIN. MAX, and MID denote the minimum and 
nnaxfariuim values and the midpoint, respectively. The 
adjustable range has the ^me width of 32% as in FIG. 
6, but is now centered around the midpoint value MID. 
As a result, four LEDs Dg. De. D^, and Dg have uncom- 
pensated optical output values disposed outside the 
adjustable range, but none of these values }s very ter 
outside the adjustable range. 

When target values Q(n) are calculated with P| set 
equal to the midpoint value MID, the result is as shown 
in FK3. 11 . All of these target values Q(n) are attainable!, 
so the compensated optical output profile of the LED 
array 15 will also have the shape In FIG. 11. showing 
even less variation than in FIG. 7. 

Next, a second embodiment of the invention will be 
described, with reference to FIGs. 12 and 13. The sec- 
ond en*odiment is similar to the first emkxxliment 
except for the way in which the target values Q(n] are 
derived. 

In the second embodiment, each target value Q(n) 
is a moving average of the measured optical output val- 
ues of a certain number of LEDs, calculated according 
to the following formula. 

n+h 

Q(n) = (2;PiVC2h+1) 

l=n-h 



The letter h is a parameter determining the number 
of LEDs included in the moving average. If h is equal to 
three, for example. Q(n) is the average of the measured 
values for seven LEDs from Dn.3 to Dn+3, as Illustrated 
in FIG. 12. In this case, the formula for Q(n) is: 

rH-3 

Q(n) = (2:P|)^ 
l=n-3 



This moving-average calculation causes the test 
controller 27 to act as a low-pass filter, smoothirrg out 
short-term variations In the LED output while preserving 
long-term trends. The compensated output profile will 
now have a shape like, for example, the Q(n) curve 
shown in FIG. 13, drifting up and down from the mean 
value P|. The variations In this profile tend to be even 
more gradual than in the first embodiment, and even 
harder for the eye to detect in printed output. 

TTie parameter h should be roughly equal to the 



number of LEDs on each LED array chip in the LED 
an^y 15, so that chip-to-chip differences in average 
optical output power can be smoothly absorbed. At the 
present state of the art this means that h should be 
approximately in the range from sixty-four to two hun- 
dred fifty-six (64-256). The larger the value of h is, the 
smoother the target curve Q(n} becomes, but if h is too 
large, the probability 0I successful compensation of all 
LEDs to their target values decreases. 

The inverted compensation method does not ena- 
ble all LED arrays 15 to be used; it will still be necessary 
to discard arrays in which the LEDs cannot all be com- 
pensated to their target values. By allowing the target 
value to vary, however, the present invention signifi- 
cantly increases the probability of successful output 
compensation for all LEDs in an array, bringing about a 
corresponding increase In the yield of the LED array 
manufacturing process. 

The higher yield also gives the manufiacturer the 
option of reducing the size of the condensation steps 
(reducing the value of d in FIGs. 6 and 10), thereby 
achieving higher overall printing quality t>y reducing the 
tolerance for variations between adjacent LEDs. 

The target profile Q(n) was calculated as a piece- 
wise linear function in the first embodiment, and by a 
moving-av«:age method in the second embodiment, but 
the invention is not limited to tiiese methods. Q(n) can 
also be calculated by means of Bezler curves, spGne 
Interpolation, and other well-known curve approxima- 
tion methods. Any method that produces target values 
that vary continuously across the LED array can be 
employed. Vary continuously' means that the variation 
between mutually adjacent LEDs does not exceed a 
fixed limit sudi as. for example, tvivo percent. Variations 
between LEDs that are not mutually adjacent are not 
restricted by this limit. 

Nor is the usefulness of the invention limited to LED 
printing heads; the invention can be practiced in other 
types of printing heads as well, including the thermal 
printing heads and piezoelectric printing heads 
employed in facsimile machines and ink-Jet printers, in 
which ttie printing elements are heating elements or 
piezoelectric elements. The invention can be practiced 
in any type of printing head having an array of printing 
elements, a driving circurt supplying ^ergy to drive ttie 
printing elennents. and a non-volatile nnemory storing 
compensation values thai control the amount of energy 
suppfied to individual printing elements in the array. The 
distinguishing feature of a printing head manufactured 
according to the invention is that the compensation val- 
ues cause the outputs of tiie printing elements to vary 
continuously in the above sensa Output can be meas- 
ured as optical power in an optical printing head, as 
tennperature in a thermal printing head, or as ink drop 
size In a piezoelectric printing head. 

The number of bits of compensation data is of 
course not restricted to four bits per printing element. 

Those skilled in the art win recognize that further 
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variations are possible within the scope claimed below. 
Claims 

1 . A method of compensating for output variations in a 
printing head (11) having an array of printing ele- 
ments (15), comprising the steps of: 

measuring an output value of each printing ele- 
ment in said printing head (11); 
calculating, from the output values thus meas- 
ured, a target value for each said printing ele- 
ment, the target values thus calculated varying 
continuously across said array of printing ele- 
ments (15); 

determining compensation data for each said 
printing elennent according to a difference 
between the output value of said printing ele- 
ment and the target value of saki printing ele- 
ment; 

storing said compensation data in said printing 
head (11); and 

driving each said printing element with an 
energy corresporKiIng to said compensation 
data. 

2. The method of claim 1 , further comprising the step 
of deciding whether the output value of each said 
printing element is within a certain adjustable 
range, said target values being calculated accord- 
ing to output values of the printing elements that are 
not within said adjustable range. 

3. The method of claim 2, further comprising the step 
of calculating a mean output value of the output val- 
ues of all of said printing elements, said adjustable 
range being centered around said mean output 
value. 

4. The method of claim 2. further comprising the step 
of finding a maximum output value of the output val- 
ues of all of said printing elements, a minimum out- 
put value of the output values of all of said printing 
elements, and a midpoint value halftway between 
said nnaximum output value and said minimum out- 
put value, said adjustable range being centered 
around said midpoint value value. 

5. The method of claim 2, further comprising the step 
of calculating best compensated output values for 
said printing elements that are not within said 
adjustable range, said target values varying linearly 
between pairs of values in a set of values including 
said best compensated output values. 

6. The method of claim 1, wherein said target values 
are calculated by taking a moving average of said 
output values. 



7. TTie method of claim 1 . wherein said printing ele- 
ments are light-emitting diodes. 

8. The method of claim 1, wherein said printing ele- 
5 ments are heating elements. 

9. The method of claim 1, wherein said printing ele- 
ments are piezoelectric elements. 

10 1 a A method of compensating for output variations in a 
printing head (11) having an array of printing ele- 
ments (15), comprising the steps of: 

measuring an output value of each printing ele- 
15 mem in said printing head (1 1); 

calculating a reference value from the output 
values thus measured; 

setting an adjustable range centered arourxi 
^id reference value; 
20 determining a best connpensated output value 

for each printing element having an output 
value disposed outside said adjustable range, 
thus obtaining a set of best compensated val- 
ues; 

25 calculating a target value for each said printing 

element by linear interpolation between pairs of 
values taken from annong said reference value 
and said best compensated values; 
determining compensation data for each saki 

30 printing element according to a difference 

between the output value of said printing ele- 
ment and the target value of said printing ele- 
ment; 

storing said compensation data in said printing 
35 head (11); and 

driving each said printing element with an 
energy corresponding to said compensation 
data. 

40 11. TTie method of claim 10. wherein said reference 
value is a mean value of said output values. 

12. The method of claim 10. wherein said reference 
value is a midpoint value between a minimum value 
45 among sakj said output values and a maximum 
value among said output values. 

13^ The method of claim 10, wherein the best compen- 
sated value of a printing element having an output 

so value disposed outside said adjustable range is 
determined by adcfing a constant to said output 
value if said output value is below said adjustable 
range, and by subtiBcting said constant from saki 
output value If said output value is above saki 

55 adjustable range, said constant being equal to one- 
half of a width of sakl adjustable range. 

14w The method of claim 10, wherein said printing ele- 
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ments are light-emitting dicxJes. 

15. The method of daim 10, wherein said printing ele- 
ments are heating elements. 

s 

16. TTie method of claim 10, wherein said printing ele- 
ments are piezoelectric elements. 

1 7. A method of compensating tor output variations in a 
printing head (11) having an an-ay of printing ele- io 
ments (15). comprising the steps of: 

measuring an output value of each printing ele- 
ment in said printing head (11); 
calculating a target value for each said printing is 
element by taking a moving average of the out- 
put values thus measured; 
determining ccmpensalion data for each said 
printing element according to a cffference 
between the output value of said printing ele- 20 
ment and the target value of said printing ele- 
ment; 

storing said compensation data in said printing 
head (11); and 

driving each said printing element with an 25 
energy corresponding to said compensation 
data. 

18. The method of claim 17, wherein said printing ele- 
ments are light-emitting diodes. so 

1 9. The method o\ claim 18, wherein ^id light-emitting 
diodes are disposed on a plurality of dhips, each 
chip having a certain number of said light-emitting 
diodes. 35 

20. The metlTod of claim 19, wherein said moving aver- 
age is an average of the output values of a number 
of printing elements substantially equal to the 
number of said light-emitting diodes on each said 40 
chip. 

21. The method of claim 17. wherein said printing ele- 
ments are heating elements. 

45 

22. The method of claim 17. wherein said printing ele- 
ments are piezoelectric elements. 

23. A printing head (11) having an array of printing ele- 
ments (15), comprising: so 

a driving circuit (14) supplying energy to each 
printing element in said array of printing ele- 
ments (15); and 

a non-volatile memory (13) coupled to said ss 
driving circuit (1 4), storing compensation data 
determining how much energy Is supplied to 
each said printing element, thereby causing 



said printing elements to produce outputs that 
vary continuously across said array of printing 
elements (15). 

24^ Tlie printing head (11) of claim 23, wherein ^id 
compensation data prevent variations between the 
outputs of mutually adjacent printirtg elements from 
exceeding a fixed limit, variations between the out- 
puts of printing elements that are not mutually adja- 
cent not being restricted by said fixed linnit. 

25. IhQ printing head (11) of claim 23, wherein said 
printing elements are l^ht-emitting diodes. 

26. TTie printing head (11) of claim 23, wherein said 
printing elements are heating elements. 

27. TTie printing head (11) of claim 23, wherein said 
printing elements are piezoelectric elements. 

28. A printing head (1 1) having an array of printing ele- 
ments (15), comprising; 

a driving circuit (14) supplying energy to each 
printing element in said array of printing ele- 
ments (15); and 

a non-volatile memory (13) coupled to ^id 
driving circuit (14), storing compensation data 
determtnir>g how much energy is supplied to 
each said printing element, thereby causing 
said printing elements to produce outputs that 
vary continuously in a piecewise linear manner 
across said array of printing elements (15). 

29i The printing head (11) of claim 28, wherein satd 
compensation data prevent variations between the 
outputs of mutually adjacent printirtg elements from 
exceeding a fixed limit, variations between the out- 
puts of printing elements that are not mutually ac^a- 
cent not being restricted by said fixed limit. 

3a Tlie printing head (11) of claim 28, wherein said 
printing elements are light-emitting diodes. 

31. TTie printing head (11) of claim 28, wherein ^id 
printing elements are heating elements. 

32. The printing head (11) of claim 28, wherein said 
printing elements are piezoelectric elements. 

33. A printing head (1 1) having an anray of printing ele- 
ments (15), comprising: 

a driving circuit (14) supplying energy to each 
printing element in said array of printing ele- 
ments (15); and 

a non-volatile menx)ry (13) coupled to said 
driving circuit (14), storing compereation data 
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determining how much energy is supplied to 
each said printing element, thereby causing 
said printing elements to produce outputs that 
vary across said array of printing elemertfs 
(15), the output produced by each said printing s 
element being substantially equal to a moving 
average of outputs produced by said printing 
elements under test conditions in which all said 
printing elements are driven uniformly. 



34. The printing head (11) of claim 33, wherein said 
printing elements are light-emitting diodes. 

35. The printing head (11) of claim 34, wherein said 
array of printing elements (15) comprises a plurality is 
of chips, each chip having a certain number of salt 
light-enmtting diodes. 

36. The method of claim 35, wherein said moving aver- 
age is an average of the outputs of a number of 20 
printing elements substantially equal to the number 

of said tight-emitting diodes on each said chip. 

37. The printing head (11) of claim 33. wherein said 
printing elemertts are heating elements. 25 

38. The printing head (11) of claim 33, wherein said 
printing elements are piezoelectric elements. 
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